It is well established that the sopA, sopB, and sopC genes (the parABC genes) located in the EcoRI-generated f5 segment of F plasmid are essential for equipartitioning of mini-F plasmid DNA between the two daughter cells (1, 10, 12, 13, 15: for reviews, see references 5 and 7) . Anucleate-cellforming mutants (muk mutants) of Escherichia coli have been isolated to analyze chromosome partitioning (4, 14) . Both mukA and mukB mutants are deficient in the active positioning of replicated daughter chromosomes at cell quarter positions. The mukB null mutants cannot form colonies at 42°C in rich media, but they can do so at 22°C and produce normal-size anucleate cells at a nonnegligible frequency (2 to 3% of total cells) upon cell division (14) . To determine whether the mukB gene, which is required for chromosome partitioning, is also required for mini-F plasmid partitioning into daughter cells, we performed the following experiments.
Stability of a mini-F plasmid in a mukB null mutant. We first measured the stability of a mini-F plasmid, pXX325 (12) , in a -mukB null mutant, SH7734 (Table 1) . This ampicillin resistance-conferring plasmid has the sop genes but lacks the ccd genes, which control the postsegregational killing system (3, 6) . Strain SH7734 was grown overnight at 22°C in ME/CT medium (medium E [18] supplemented with 0.5% glucose, 0.2% Casamino Acids, and 50 ,ug of L-tryptophan per ml) containing ampicillin (25 ,ug/ml). A portion of the culture was diluted 100-fold with nonselective ME/CT medium, incubated at 22°C, and diluted with ME/CT medium at intervals to maintain exponential cell growth. Aliquots were removed every 24 h and spread on L-agar plates (2) . A total of 200 to 400 colonies grown on plates at 22°C were transferred to L agar containing ampicillin (25 ,ug/ml) to test for the presence of pXX325. The plasmid was stably maintained in SH7734 (mukB null mutant) for at least 18 generations as well as in SH7727 (mukB+ strain) ( Table 2) . Furthermore, the copy number of mini-F plasmid per host chromosome in SH7734 was as low as that in SH7727 (data not shown). These results indicate that the MukB protein is not required for stable maintenance of the mini-F plasmid.
Partitioning of the mini-F plasmid into anucleate cells. There are two possible models for behavior of the mini-F plasmid in the mukB null mutant (Fig. 1) (Table 1 ). The culture grown exponentially at 22°C in ME/CT medium containing ampicillin ( Fig. 2A) was treated with a cell division inhibitor, furazlocillin (5 ,ug/ml), and further incubated at 30°C for 5 h. Most of the nucleate cells became filamentous, while anucleate cells remained normal in size (Fig. 2B) . A portion of the furazlocillin-treated culture was removed and used as a control for the DNA-DNA hybridization assay. The remaining culture was further incubated at 42°C for 2 h to induce XcI857 integrated in the chromosome and then incubated at 37°C for 4 h to lyse nucleate cells. Since SH7734 has a lamB mutation, it is deficient in the lambda phage receptor protein. Therefore, XcI857 phage particles released from lysed nucleate cells do not adsorb to other cells, and anucleate cells remained in the culture without lysis (Fig. 2C ). These cells were filtered through filter paper no. SC (Advantec Toyo Kaisha Ltd., Tokyo, Japan) to remove filamentous ghost cells. This sample was designated the filtrated anucleate cell sample (Fig. 2D ). We confirmed that the relative amount of plasmid DNA to host chromosome DNA was the same between the culture growing at 22°C (before furazlocillin treatment) and the culture treated with furazlocillin at 30°C for 5 h.
The furazlocillin-treated sample and the filtrated anucleate cell sample were collected by centrifugation, resuspended in 0.84% NaCl containing 10 mM Tris-HCl (pH 7.5), and then incubated with 10 jig of DNase I per ml and 20 mM MgCl2 at 37°C for 1 h. The remaining cells were collected, washed, and resuspended in 0.84% NaCl containing 20 mM EDTA (pH 7.5). Total DNA (chromosome and mini-F plasmid) was extracted from each sample according to the method of Projan et al. (17) . The DNA was diluted to various concentrations, applied to a BIODYNE-A nylon membrane (Pall BioSupport, Glen Cove, N.Y.), and hybridized with a 32p_ labeled DNA probe as described previously (11) . The KpnIdigested 3.3-kb segment of pXX325 (12) and the DraIdigested 3.6-kb segment of pAX451 (2) containing the chromosomal ugp genes (76-min region on the E. coli genetic map) were labeled with [a-32P]dCTP with use of random oligonucleotide primers and used as probes for the mini-F plasmid and the host chromosome, respectively. The radioactivity of the hybridized probe DNA was analyzed by a Bio-image analyzer model BA100 (Fuji Photo Film Co., Tokyo, Japan). The two probes had similar specific activities Fig. 3 . The amount of radioactivity was proportional to the amount of applied DNA sample under the hybridization conditions in each sample. The ratio of the mini-F plasmid to chromosomal ugp gene segment (F/C ratio) in the former sample was 0.48 (Fig. 3A) . Pritchard et al. (16) reported that the F/O ratio (O is the chromosome replication origin) decreased as the doubling time decreased in various media and that the phenomenon is well explained by multifork replication of the chromosome from the replication origin in rich media. The low F/C ratio in Fig. 3A is reasonable, because multifork replication of the chromosome should occur in ME/CT medium and the ugp genes are located near the replication origin.
Experiments were performed on the furazlocillin-treated samples and the filtrated anucleate cell samples. The results are summarized in Table 3 . We apply the assumption that the F/C ratio of the surviving normal-size nucleate cells in the filtrated anucleate cell samples is as same as that of normalsize nucleate cells in the population before these treatments. The F/C ratios in the filtrated anucleate cell samples (mean = 3.03) were markedly higher than those of the furazlocillintreated samples (mean = 0.40). The F/C ratio in the filtrated anucleate cell samples increased according to the decrease of contaminating nucleate cells, consistent with the theoretical curve of the F/C ratio in model II (Fig. 4) . If anucleate cells did not have pXX325 as in model I, the F/C ratios of the filtrated samples should be the same as those of the furaz- locillin-treated samples (mean = 0.40), as shown in Fig. 4 . Furthermore, the relative copy number of the mini-F plasmid in anucleate cells compared with that in nucleate cells (fif') was calculated, and the average value was 0.99 (Table   3 ). This finding suggests that the mean copy number of the mini-F plasmid in anucleate cells is the same that of nucleate cells. Therefore, plasmid molecules may be equipartitioned into both nucleate cells and anucleate cells upon cell division in the mukB null mutant.
We conclude that the mini-F plasmid does not require MukB protein for partitioning and that the plasmid molecules are partitioned into both nucleate daughter cells and anucleate daughter cells, independently of the E. coli chromosome molecules in the mukB null mutant as shown in Fig. 3 , and then the F/C ratio was calculated.
c Relative number of anucleate to total cells. Cells were observed by the fluo-phase combined method of Hiraga et al. (4) . model II (Fig. 1) . Since model I is not supported by our results, association of the chromosome and the F plasmid (8) does not seem to be required for partitioning of the plasmid. This work suggests that other unit-copy plasmids also do not require the function of MukB protein and the association between plasmid DNA and chromosome DNA for plasmid partition.
